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Abstract
Background:  Helicobacter  pylori  (H.  pylori)  is  associated  with  gastroduodenal  diseases.  Viru-
lence of  clinical  isolates  is  related  to  clinical  outcome.  Moreover,  with  microdiversity  studies
in clinical  isolates  from  a  single  patient,  but  from  a  different  origin  (antrum  or  corpus),  it  is
possible to  demonstrate  that  there  are  simultaneous  mixed  infections.
Aims: To  genotype  H.  pylori  strains  with  multiplex  PCR,  according  to  their  clinical  virulence,
and in  this  manner  know  the  frequency  of  each  genotype  and  relate  it  to  clinical  outcome  in
order to  prevent  the  development  of  severe  diseases.
Methods:  A  total  of  210  patients  with  gastric  alterations  were  studied.  Virulence  classiﬁca-
tion of  H.  pylori  strains  was  carried  out  with  multiplex  PCR  and  127  strains  were  identiﬁed  as
H. pylori  by  PCR  (glmM  and  cagE).  Genotype  and  clinical  outcome  were  evaluated  with  the
Fisher’s exact  test.  In  addition,  RAPD-PCR  was  performed  as  a  ﬁngerprinting  method  to  analyze
mixed infections.
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Results:  The  cagA,  vacAs1,  and  vacAm1 genes  were  detected  in  all  the  clinical  isolates.  Strains
were classiﬁed  as:  type  i,  40.15%  (51/127);  type  ii,  22.04%  (28/127);  and  type  iii,  28.4%  (36/127),
but two  new  different  genotypes  were  also  detected:  (1)  babA2+,  cagA+,  vacAs1+,  6.29%  (8/127)
and (2)  babA2+,  cagA-,  vacAs2/m2+,  3.14%  (4/127).  The  cagE  gene  was  detected  in  type  i  strains.
Conclusions:  The  Fisher’s  exact  test  did  not  support  a  signiﬁcant  association  between  clinical
outcome and  genotype.  The  main  circulating  genotypes  in  the  Mexican  population  studied  were:
cagA+, vacAs1,  and  vacAm1.  Multiplex  PCR  can  be  used  as  a  screening  test  for  H.  pylori  strains.
Furthermore,  the  cagE  gene  is  a  good  marker  for  identifying  cag-PAI  positive  strains.
© 2016  Asociación  Mexicana  de  Gastroenterología.  Published  by  Masson  Doyma  México  S.A.
This is  an  open  access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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Frecuencia  de  genes  de  virulencia  en  infecciones  mixtas  con  cepas  de  Helicobacter
pylori  de  una  población  mexicana
Resumen
Antecedentes:  La  infección  por  Helicobacter  pylori  se  asocia  con  gastritis.  La  variabilidad
genética  de  las  cepas  tiene  importancia  clínica.  Los  estudios  de  microdiversidad  en  cepas  ais-
ladas de  diferente  sitio  anatómico  en  un  mismo  paciente  revelan  la  posibilidad  de  recuperar  2
o más  cepas  diferentes.
Objetivos:  Genotipiﬁcar  por  PCR  multiplex  según  la  virulencia  de  aislados  clínicos  de  H.  pylori
para determinar  la  frecuencia  de  cada  genotipo  y  relacionarlo  con  la  evolución  clínica  con  la
ﬁnalidad de  prevenir  el  desarrollo  de  enfermedades  graves.
Métodos:  Se  estudió  a  210  pacientes  con  alteraciones  gastroduodenales;  127  cepas  fueron  iden-
tiﬁcadas por  PCR  (glmM  y  cagE)  y  después  clasiﬁcadas  según  su  virulencia  por  PCR  multiplex.
Se hizo  la  prueba  de  Fisher  para  evaluar  la  relación  entre  genotipo  y  resultado  clínico.  La  téc-
nica de  RAPD-PCR  se  empleó  como  método  de  huella  genética  y  para  analizar  la  presencia  de
infecciones  mixtas.
Resultados:  cagA,  vacAs1 y  vacAm1 estuvieron  presentes  en  todos  los  aislados  clínicos.  Las
cepas se  clasiﬁcaron  como:  tipo  i,  40.15%(51/127);  tipo  ii,  22.04%  (28/127),  y triples  positivas,
28.4% (36/127);  se  detectaron  2  genotipos  nuevos:  1)  babA2+,  cagA+,  vacAs1+,  6.29%  (8/27),  y
2) babA2+,  cagA--,  vacAs2/m2+,  3.14%  (4/127).  cagE  se  detectó  en  las  cepas  tipo  ii.
Conclusiones:  La  prueba  de  Fisher  no  mostró  una  asociación  signiﬁcativa  entre  el  resultado
clínico y  el  genotipo  en  la  población  estudiada.  Los  genotipos  circulantes  en  la  población
mexicana fueron  cagA+,  vacAs1,  vacAm1.  La  PCR  multiplex  puede  usarse  para  genotipiﬁcar
rápidamente  las  cepas  de  H.  pylori.  cagE  es  un  buen  marcador  para  identiﬁcar  cepas  cag-PAI+.
© 2016  Asociación  Mexicana  de  Gastroenterología.  Publicado  por  Masson  Doyma  México  S.A.
Este es  un  artículo  Open  Access  bajo  la  licencia  CC  BY-NC-ND  (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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elicobacter  pylori  (H.  pylori) is  a  Gram-negative,  spiral-
haped,  microaerophilic  bacterium  associated  with  gastritis
nd  peptic  ulcer  disease  (PUD)  and  is  considered  a  risk  factor
or  gastric  cancer.1--2 Half  of  the  world  population  is  infected
ith  this  bacterium,  but  only  10%  of  infected  people  will
evelop  clinical  outcomes.  Infections  with  H.  pylori  may
nduce  chronic  gastritis,  PUD,  and  gastric  adenocarcinoma.3
here  is  evidence  showing  that  the  genetic  variability  of
.  pylori  strains  has  clinical  importance.  Three  major  vir-
lence  factors  are  used  as  epidemiological  markers  and  to
etermine  clinical  outcome:  the  genes  vacA  (vacuolating
oxin),  cagA  (cytotoxin-associated  gene),  and  babA  (BabA
dhesin).4
The  vacA  gene,  encoding  the  vacuolating  toxin  (VacA),
s  present  in  almost  all  strains.  Signiﬁcant  polymorphism
o
a
tithin  vacA  can  be  found  in  the  middle  region  (m),  with
 alleles:  m1 or  m2 as  well  as  in  the  signal  sequence  region
s)  with  3:  s1a, s1b,  or  s2.  The  possible  genotypes  are:  s1bm1,
1am1,  s1am2,  s1bm2,  s2m1,  and  s2m2,  although  the  s2m1 geno-
ype  is  reported  to  be  rare.5 The  s1am1 genotype,  rather  than
2, is  associated  with  PUD.3 A  third  polymorphic  determi-
ant  of  vacuolating  activity  has  been  described  and  is  called
he  intermediate  (i)  region.  There  are  2 i-region  subtypes:  i1
nd  i2 and  variation  among  populations  has  been  observed.
oreover,  studies  have  shown  a  strong  relation  between  the
1 allele  and  the  production  of  CagA  and  the  presence  of  the
1 type  allele  in  various  H.  pylori  strains  isolated  in  individ-
als  from  several  countries.  This  association  could  indicate
hat  the  intermediate  region  plays  a  role  in  more  severe
utcomes  of  chronic  H.  pylori  infection.6 CagA  is  associ-
ted  with  an  increased  risk  for  gastric  cancer.  It  is  a  protein
hat  is  injected  into  the  interior  of  the  cell  through  a  type
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IV  secretion  system  and  is  phosphorylated  in  the  cell  inte-
rior,  inducing  morphologic  and  probably  cell  proliferation
changes,  which  favor  the  development  of  gastritis  and  gas-
tric  cancer.7 CagA  is  part  of  the  cag  pathogenicity  island
(cag-PAI)  which  also  contains  the  cagE  gene  that  has  been
associated  with  PUD  in  children  and  in  adults  with  a  severe
clinical  outcome,  especially  in  the  developed  countries.8--9
BabA  mediates  the  adherence  of  H.  pylori  to  the  human
Lewis-b  blood  group  antigen  on  gastric  epithelial  cells.  It
has  a  silent  babA1 gene  (unexpressed)  and  a  babA2 gene
that  is  expressed.  The  sequence  of  these  genes  differs  by
a  deletion  of  10  base  pairs  in  the  signal  peptide  sequence
of  babA1.  A  number  of  studies  have  suggested  a  relation
between  babA2-positive  strains  with  an  increase  of  higher
H.  pylori  density,  cellular  mucosal  inﬂammation,  and  a  risk
for  developing  severe  clinical  outcomes.10--12
Strains  have  been  previously  classiﬁed  as  type  I  (cagA+,
vacA+)  and  type  II  (cagA-vacA-,  according  to  the  pres-
ence/absence  of  the  genes.  Type  I  strains  are  considered
to  be  more  virulent  than  type  II  strains.13 There  is  a third
type  of  strain,  called  the  ‘‘triple-positive  strain’’,  with  the
presence  of  the  babA+,  vacA+ and  cagA+ genes.  These  triple-
positive  strains  have  been  associated  with  PUD  and  gastric
adenocarcinoma.14
Fingerprinting  studies  have  shown  that  independent
H.  pylori  strains  are  distinguished  from  one  another  through
random  ampliﬁed  polymorphic  DNA  (RAPD).  Microdiversity
studies  in  clinical  isolates  from  different  anatomic  sites  con-
ﬁrm  the  possibility  of  recovering  2  or  more  different  strains
from  the  same  patient.  Spontaneous  mutations  after  serial
passages  in  gnotobiotic  piglets  revealed  that  H.  pylori  might
undergo  host-speciﬁc  adaptation  allowing  interstrain  gene
transfer  to  induce  reorganization  of  its  genome  in  order  to
adapt  to  a  new  environment.15-17
Recombinant  strains  could  also  emerge  with  different
combinations  of  parental  genotypes  in  mixed  infections.  Var-
ious  DNA  ﬁngerprinting  methods  applied  to  several  H.  pylori
isolates  taken  from  the  same  patient  have  shown  that  all  the
different  strains  may  be  derived  from  an  ancestral  parent
strain,  but  have  undergone  independent  genomic  changes,
a  phenomenon  known  as  ‘‘microevolution’’.  Thus  a  single
patient  is  able  to  carry  two  or  more  strains  with  a  different
genotype.17-18
In  Mexico,  there  are  studies  that  relate  the  presence  of
the  microorganism  with  clinical  outcome,  gastric  cancer,
as  well  as  with  the  presence  of  mixed  infections,  obtain-
ing  different  genotypes  in  a  single  patient.19 A  recent  study
reported  the  presence  of  2  different  alleles  of  the  gene  iceA
in  the  same  strain.20 The  aim  of  our  study  was  to  genotype
clinical  H.  pylori  strains  through  multiplex  PCR,  according
to  their  virulence  classiﬁcation,  thus  determining  the  fre-
quency  of  each  genotype  and  relating  it  to  clinical  outcome
in  order  to  prevent  the  development  of  severe  diseases  such
as  gastric  cancer  or  PUD.
MethodsSubjects  and  clinical  samples.  A  total  of  210  patients  with
gastric  alterations  that  underwent  upper  gastrointestinal
endoscopy  at  the  Hospital  General  ‘‘La  Raza’’  of  the  Insti-
tuto  Mexicano  del  Seguro  Social  (IMSS) in  Mexico  City,  were
o
a
o
3ter  pylori  strains  from  a  Mexican  population  13
valuated.  The  age  range  of  the  pediatric  patients  in  whom
.  pylori  was  isolated  was  from  4  to  17  years.  The  only
dult  patient  in  whom  H.  pylori  was  isolated  was  62  years
ld.  Of  those  patients,  11  out  of  the  18  were  male  and  7
ut  of  the  18  were  female.  The  prevailing  diagnoses  were:
astroesophageal  reﬂux  disease,  acid  peptic  disease,  and
ecurrent  abdominal  pain.
Within  the  time  frame  of  January  2003  to  January  2005,
10  biopsies  were  obtained  from  each  patient  from  the  gas-
ric  corpus  and  were  evaluated  for  the  presence  of  H.  pylori
y  the  rapid  urease  test  (RUT)  and  culture.  RUT  produced  30
14.3%)  positive  biopsies  from  the  gastric  corpus.  H.  pylori
as  recovered  by  culture  in  18  patients:  17  children  and
ne  adult.  Written  informed  consent  for  participation  in
his  study  was  obtained  from  each  patient  before  the  study.
he  Ethics  Committee  of  the  Hospital  General  approved  the
tudy  protocol  in  advance.
H.  pylori  culture  and  subcloning.  H.  pylori  was  cultured
rom  the  biopsies.  The  specimens  were  homogenized  in  a
terile  tissue  grinder  with  a  diluent  (Phosphate  Buffer  Saline,
H  7.5).  Homogenates  were  plated  onto  Casman  agar  base
lates  (Difco®)  supplemented  with  10%  deﬁbrinated  sheep
lood  and  Skirrow’s  selective  supplement  (vancomycin,
rimethoprim,  polymyxin  B,  OXOID®)  and  were  incubated  at
7 ◦C  with  a  supply  of  5%  CO2,  85%NO2,  and  5%  O2 for  4  days.
ypical  colonies  were  identiﬁed  as  H.  pylori  by  morphology,
hrough  Gram  staining  (Gram-negative  spiral  or  curved  rods)
nd  biochemical  testing  (positive  urease,  oxidase,  and  cata-
ase  tests).  H.  pylori  ATCC  43504  was  cultured  as  mentioned
bove  and  used  as  the  positive  control.  A  total  of  18  clinical
trains  were  isolated  (recovery  percentage,  13.3%)  and  they
ere  each  referred  to  as  ‘‘pooled  bacterial  culture’’.  During
he  primary  isolation  process,  4-8  clinical  isolates  were  sep-
rately  picked  from  each  plate  and  then  propagated  onto
ndividual  plates.  Each  one  of  these  strains  obtained  was
eferred  to  as  an  ‘‘individual  colony’’  or  clinical  isolate
n  =  127).  The  clinical  isolates  were  maintained  in  cryotubes
t  −70 ◦C  in  Hanks’  solution  supplemented  with  20%  glycerol
Table  1).16,21
DNA  extraction.  DNA  was  extracted  from  the  reference
train  and  from  the  clinical  isolates  of  the  colonies  and
ollected  in  microcentrifuge  tubes  containing  100  L  of
BS  (phosphate-buffered  saline,  pH  7.5).  Suspensions  were
igorously  vortexed  for  2  min  and  boiled  in  a  water  bath
or  15  min.  The  guanidine  thiocyanate  method  for  DNA
xtraction  was  used.  The  DNA  pellet  was  suspended  in  TE
Tris-EDTA,  pH  8.0)  and  frozen  at  -70 ◦C  until  use.
Detection  of  the  glmM  gene.  The  presence  of  the  glmM
ene  was  used  to  monitor  the  purity  of  the  DNA  samples
nd  to  validate  all  subsequent  analyses.  Genomic  DNA  of  the
acterial  samples  was  ampliﬁed  with  the  synthetic  oligonu-
leotide  primers,  GLMM  and  GLMMR1  (Table  2),  as  previously
escribed.22
RAPD-PCR  (Randomly  Ampliﬁed  Polymorphic  DNA-PCR)
ngerprinting  proﬁles.  RAPD-PCR  was  performed  to  eval-
ate  the  genetic  variability  among  the  strains.  The  reaction
as  carried  out  in  25  L  containing:  65  ng  of  H.  pylori  DNA,
.8  M  of  the  primers  1254,  1281,  1283  and  1247,  0.4  mM
f  each  dNTP,  1.5  U  of  TaqDNA  polymerase  (Invitrogen®),
nd  3  mM  of  MgCl2.  The  cycling  program  used  was  4  cycles
f  94 oC,  5  min;  36 oC,  5  min;  and  72 oC,  5  min,  and
0  cycles  of  94 oC,  1  min;  36 oC,  1  min;  and  72 oC,  2 min,
14  R.  González-Vázquez  et  al.
Table  1  H.  pylori  isolates  and  subclones  obtained  from  Mexican  patients.
Strain
identiﬁcation
Subject  Age
(years)
Clinical
isolates
RAPD
subclones
Genotype  Diagnosis
73  C  10  8  2  babA2-cagA  +  vacAs1m1 +  AG
126 C  14  8  1  babA2 +  cagA-  vacAs2m2 +  GU
B075 C  7  10  3  babA2-cagA  +  vacAs1m1 +  NG
78 C  14  8  2  babA2-cagA  +  vacAs1m1 +  DU
94 C  11  8  1  babA2-cagA-,  vacAs2m2 +  NG
144 C  17  8  1  babA2-cagA  +  vacAs1m1 + NG
175 C  16  6  1  babA2 +  cagA  +
vacAs1m1 +
MG
39 C  11  10  1  babA2-cagA  +  vacAs1m1 +  MG
B046 C  9  8  2  babA2 +  cagA  +
vacAs1m1 +
MG
B119 C  17  7  3  babA2 +  cagA-vacAs1m1 +  GU
58 C  8  6  1  babA2-cagA-vacAs2m2 +  NG
62 C  7  4  2  babA2 +  cagA  +  vacAs1m1 +  MG
29 C  5  4  2  babA2 +  cagA  +  vacAs1 +  NG
36 C  17  6  3  babA2-cagA-vacAs2m2 +  NG
63 C  7  7  1  babA2 +  cagA  +
vacAs1m1 +
NG
163 C  15  7  2  babA2-cagA  +  vacAs1m1 +  NG
110 C  5  4  1  babA2 +  cagA  +
vacAs1m1 +
NG
54 Ad  60  8  2  babA2-cagA-vacAs2m2 +  MG
 DU: 
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pAd: adult; AG: acute gastritis; C: Child; Clones: subcloning strains;
gastritis; RAPD-PCR: different RAPD-PCR proﬁle.
nd  then  72 oC,  10  min  in  a  Perkin-Elmer®,  as  previously
escribed.22-23 RAPD-PCR  bands  were  scored  as  present  or
bsent  and  a  binary  matrix  was  assembled.  The  bands
ere  assigned  according  to  the  molecular  markers  (1Kb,
00pb).  A  dendrogram  was  constructed  with  NTSYSpc-2.02j
y  the  unweighted  pair  group  method  with  the  arith-
etic  mean  (UPGMA)  and  a  simple  matching  coefﬁcient
SMC).24-25 Finally,  the  cophenetic  correlation  coefﬁcient
v
t
t
s
Table  2  Primers  used  for  the  ampliﬁcation  of  vacA,  cagA,  babA2,
Gene  Primer  Primer  sequence  5’-3’  
vacAm1/m2a VAGF  CAATCTGTCCAATCAAGCGAG  
VAGR GCGTCAAATAATTCCAAGG
vacAs1/s2a VAIF  ATGGAAAATACAACAAACACAC  
VAIR CTGCTTGAATGCGCCAAAC
cagAa F1  GATAACAGGCAAGCTTTTTGAGG  
R1 CTGCAAAAGAATGTTTGGCAG
babA2a babA2F  AATCCAAAAAGGAGAAAAAGTATGA
babA2R  TGTTAGTGATTTCGGTGTAGGAC
cagEb F1  GCGATTGTTATTGTGCTTGTAG  
R1 GAAGTGGTTAAAAATCAATGCCCC
glmMb GLMMF  GGA  TAA  GCT  TTT  AGG  GGT  GTT
GLMMR GCA  TTC  ACA  AAC  TTA  TCC  CCA  
a Multiplex primer sets.
b ampliﬁcation was performed by conventional PCR.duodenal ulcer; GU: gastric ulcer; MG: mild gastritis; NG: nodular
CCrC)  was  obtained  using  the  Mantel  t-test  and  the  best-cut
est.26
Detection  of  the  vacA,  cagA,  and  babA2 genes  by  multi-
lex  PCR.  Multiplex  PCR  was  carried  out  for  genotyping  the
irulence  genes  (vacA,  cagA,  babA2).  Genomic  DNA  of  Pro-
eus  mirabilis  was  used  as  the  negative  control  and  H2O  as
he  control  in  the  reaction.  The  primers  used  for  PCR  are
hown  in  table  2. Ampliﬁcation  was  performed  in  a  25  L
 cagE,  and  glmM  alleles  by  conventional  and  multiplex  PCR.
Amplicon  bp  Reference
570/645  (Atherton  et  al.,  1994)
259/286  (Atherton  et  al.,  1994)
340  (Tummuru  et  al.,  1993)
AA  812  (Mizushima  et  al.,  2001)
329  (Tsuneo  et  al., 2001)
 AGG  GG  140  (Córdova  et  al.,  2011)
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reaction  volume  containing  10  pM  of  babA2 primer  and  5  pM
of  cagA  and  vacA  primers,  10X  Buffer  solution  (Invitrogen®),
1.5  mM  MgCl2,  25  mM  dNTPs  (Invitrogen®),  80  ng  DNA  tem-
plate,  and  1  U  Taq  DNA  polymerase  (Invitrogen®).  The  cycling
was  performed  in  a  Perkin  Elmer® thermocycler  with  an  ini-
tial  denaturing  step  at  94 oC  for  5  min,  followed  by  35  cycles
of  94 oC  for  30  s,  57 oC  for  45  s,  and  72o C  for  1  min.  Amplicons
were  distinguishable  by  size  after  separation  through  elec-
trophoresis  on  a  1.5%  agarose  and  revealed  with  ethidium
bromide  (0.5  g/ml).
The  H.  pylori  ATCC  43504  amplicons  obtained  by  mul-
tiplex  PCR  were  puriﬁed  with  a  Marligen  kit  (Bioscience®)
according  to  the  manufacturer’s  instructions  and  sequenced
at  the  ‘‘Unidad  de  Síntesis  y  Secuenciación’’  IBT,  UNAM
at  Cuernavaca,  Morelos,  for  validating  multiplex  PCR.  The
sequences  were  compared  with  the  sequences  reported
in  the  medical  literature  published  in  the  NCBI  database
by  BLAST  analysis.  Additionally,  Southern-Blot  and  Dot-
Blot  were  performed  to  compare  and  validate  the  results
obtained  from  PCR.
Detection  of  the  cagE  gene. Ampliﬁcation  of  the  cagE
gene  was  carried  out  as  a  cag-PAI  marker,  instead  of  the  cagA
gene.  The  primers  used  are  shown  in  table  2.  Ampliﬁcation
was  performed  in  25  L reaction  volume  containing:  10  pM
of  each  primer,  10  X  Buffer  solution  (Invitrogen®),  1.5  mM
MgCl2 (Invitrogen®),  25  mM  dNTPs  (Invitrogen®),  80  ng  DNA,
and  1  U  Taq  DNA  polymerase  (Invitrogen®).  The  PCR  proto-
col  included  an  initial  denaturing  cycle  at  94 oC  for  5  min,
followed  by  35  cycles  of  94 oC  for  60  s,  56 oC  for  60  s,  and
72 oC  for  1  min.
Data  analyses,  univariate  analyses.  A  matrix  of  genotypes
for  all  the  genes  encoded  as  present  (1)  or  absent  (0)  was
carried  out.  The  percentage  of  positive  alleles  (present)  for
each  gene  was  calculated  from  the  data  of  all  the  strains.
To  evaluate  whether  the  detection  of  the  virulence  genes
(babA2,  cagA,  vacAs1m1)  varied  between  conventional  and
multiplex  PCR,  the  percentage  of  true  and  false  positives
was  obtained  using  a  chi-square  test.  To  assess  whether  the
presence  or  absence  of  the  alleles  (vacAs1,  vacAs2, vacAm1,
vacAm2,  cagA, babA2)  was  associated  with  clinical  outcome
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Figure  1  RAPD-PCR,  1281  oligonucleotide.  1Kb  ladder  mole
(78C2,7b,10,11,13,14  strains);  9-15:63  strain  (63C1,2,4,5,6,7,22);16
(29C5,7,8,12,16,17,19,20);32-38:58  strain  (58C1,2,4,8,9,13,15);  39-
(54C1,2,3,5,6,7,8,11,13);  58-65:163  strain  (163C1,2,5,10,11,30,31,
molecular size  marker.ter  pylori  strains  from  a  Mexican  population  15
acute  gastritis,  duodenal  ulcer,  gastric  ulcer,  nodular  gas-
ritis,  and  mild  gastritis)  a  Fisher’s  exact  test  was  done  for
ach  gene  using  a  2  X  2  contingency  table  in  relation  to  the
umber  of  strains,  with  or  without  an  allele,  and  clinical
utcome.27
esults
APD-PCR.  The  RAPD-PCR  proﬁle  revealed  3  to  17  bands  for
ach  strain  analyzed.  The  clones  isolated  from  each  patient
re  mentioned  in  table  1. RAPD-PCR  detected  the  presence
f  multiple  H.  pylori  strains,  each  different  from  the  other,
n  a  single  person.  Four  primers  produced  genetic  markers
nd  reproducible  RAPD  proﬁles  (virulence  genotyping  was
erformed  for  just  127  strains)  among  the  strains  studied.
APD  analysis  grouped  strains  together  based  on  clinical  dis-
ase.  The  majority  of  the  children  were  colonized  by  a  single
train.  The  data  suggest  that,  even  though  the  H.  pylori
opulation  consisted  of  very  closely  related  bacteria,  it  was
ot  completely  homogeneous;  genetic  variants  of  the  same
.  pylori  strains  may  exist  among  isolates.  Two  populations
f  H.  pylori  with  different  RAPD  patterns  colonized  7  chil-
ren.  However,  3  children  were  colonized  by  clones  more
losely  related  to  strains  of  independent  individuals  than
o  each  other  (Table  1,  Figs.  1  and  2).  The  results  of  the
tudy  indicated  that  there  was  multiple  strain  colonization
n  Mexican  children.  The  CCrC  was  0.86801  (range  0.6-0.9),
howing  a  signiﬁcant  representation  of  the  genetic  relation-
hip  among  the  isolates.
Multiplex  PCR  evaluation. One  hundred  and  twenty-
even  H.  pylori  clinical  strains  obtained  from  a  pediatric
opulation  were  characterized  by  conventional  and  multi-
lex  PCR  (Fig.  3) and  the  Southern  blot  and  Dot  blot  results
ere  correlated.  The  detection  capacity  of  the  Dot  blot  was:
agA  (100pg/l),  vacAs1 (100  pg/l), vacAm1 (100  pg/l),
nd  babA2 (1  pg/l).  Both  methods  detected  the  same  num-
er  of  true  positive  and/or  negative  strains  for  vacAs1m1,
acAs2m2,  and  cagA. However,  the  babA2 gene  had  a  statis-
ically  signiﬁcant  difference  (chi-square)  (2)  (Table  3).
6 37 38 39 40 41 42 43 44 45 46 47 48 49 50 5152 53 54 55 56 57 585960 61 62 63 64 65 6667 68 69 70 71 72
cular  size  marker,  lane  1,  control  reagents,  2-8:  Bx78
-23:  B046  strain  (B046C1,  5,9,10,11,13,14,15);24-31:29  strain
48:144  strain  (144C1,2,4,6,8,20,21,22,23,25);  49-57:54  strain
34);  66-71:175  strain  (175C2,4,7a,11,20,24);  72:  1Kb  ladder
16  R.  González-Vázquez  et  al.
163C1, C10, C2, C11, C5
163C30, C34, C31
169C4, C5, C6, C14, C16, C17
169C8, C9, C10, C11
36C1, C2, C3, C4, C5, C6
36C10
126C1, C4, C10
126C16
126C2
126C3, C7
B119C1, C4
B119C6
B119C7, C9
B119C10, C12
78C2, C14, C10, C13, C7b
78C6c, C15, C11
73C1, C2, C7
73C8
73C3
73C5, 31
73C4
62C1, C2
62C11, 19, 12
110MC17b
175C2
BO46C1, C11, C12, C5,
BO46C13
BO46C8, C15, C14, C10, C9
BO119
58C1
C15
C4, C8, C2, C13
C9
29C5
C19
C12
C7, C16, C8, C20
29C17
144C1
C25
C22, C2
144C4
C23
C21
C8, C20, C6
BO75C8, C11, C16
BO75C15
BO75C7
BO75C10
C17
63C1
63C4
C2
C7
C5
C6
110MC1
110MC7
C4
C3
C9
C8
C13
C8
C6
C3
54C2,
C7,
C5,
C11
1.00.950.900.850.800.75
A
B
C
C,1,
C,3,
C,8,
C,7,
C,6,
C,5,
C,4,
C,2,
Similitud
0.700.650.600.550.50
54C1
ATCC 43504
C22
BO75C2, C4, C12
940, 94C27, 25, 26, 12, 24,
175C11, C24, C20
175C4, 175C7A
39C1
39C2
39C5
39C3, C4, C7, C8, C11, C12
126C6
Figure  2  RAPD-PCR  dendrogram  of  H.  pylori  strains.  Three  separated  clusters  are  indicated  with  letters  A,  B,  and  C.  Cluster  A
shows the  adult  strain  (54);  cluster  B  consists  of  the  ATCC  43504  strain;  cluster  C  consists  of  the  pediatric  Mexican  strains  (73,  126,
B075, 78,  94,  144,  175,  39,  B046,  B119,  58,  62,  29,  36,  63,  163,  110,  and  169);  169  strains  were  not  genotyped.  Group  C  shows
8 clusters.  The  CCCr  was  0.86801.  The  past  program  and  simple  matching  coefﬁcient  were  used.
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Figure  3  Multiplex  PCR.  Agarose  (1.7%)  gel  electrophoresis
showing  the  amplicons  obtained  through  multiplex  PCR.  Lane  1,
100-bp  ladder;  lane  2,  positive  control  triple  virulence  strains,
lanes  3-6,  clinical  isolates.  babA2 (812  bp);  vacAs1(259  bp);
vaAs (286  bp);  vacAm (570  bp);  vacAm (645  bp);  cagA(340  bp).
Table  4  Percentage  and  total  number  of  H.  pylori  pediatric
strain  virulence  markers  babA2,  cagA,  and  vacAs1m1.
Gene/Allele  Total
number
95%  conﬁdence
limits
Percentage
vacAm11 89  61.3--77.9  68.5
vacAm2 34  19.3--35.4  28.34
vacAm- 4  0.9--7.9  3.16
vacAs1 93  64.6--80.7  71.63
vacAs2 34  19.3--35.4  28.34
cagA+ 84  57.2--7.3  66.14
cagA- 43  25.7--42.8 33.86
babA2+ 48  29.3--46.8 37.79
babA2- 79  53.2--70.7 62.21
High percentages. EpiInfoTM 2000 program.
babA2: gene that encodes BabA adhesin targeting Lewisb (-1,
3/4-difucosylated) blood group antigens; cagA: gene encoding a
highly immunogenic protein CagA;
vacA: vacuolating cytotoxin gene.
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The genomic  DNA  of  the  H.  pylori  ATCC  43504  strain  was  used
as a  positive  control.
H.  pylori  strains:  classiﬁcation  and  genotyping.  A  high
frequency  of  the  cagA, vacAs1,  and  vacAm1 genes  was
detected  in  all  the  clinical  isolates.  The  results  of  the  genes
are  shown  in  Table  4.  The  strains  genotyped  by  multiplex
PCR  were  classiﬁed  as  type  I,  type  II,  and  triple-positives,
as  classiﬁed  by  Atherton5 and  Gerhard.14 In  addition,  we
found  2  genotypes  different  from  the  type  I,  II,  and  triple-
positive  strains,  which  were  described  as  ‘‘non-typeable’’.
In  one  strain  (B119)  and  its  clinical  isolates  (n  =  7),  the  cagA
gene  was  negative  using  conventional  or  multiplex  PCR,  but
detectable  when  the  Dot  Blot  was  used,  so  all  of  them
were  classiﬁed  as  triple-positive  strains.  The  vacAs1  and
vacAm1  genotypes  were  present  in  almost  all  of  the  clinical
outcomes  and  the  cagA  genes  were  more  frequently  asso-
ciated  with  gastritis  and  gastric  ulcer  disease.  The  babA2
s
g
f
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Table  3  Comparison  of  virulence  gene  detection  between  conven
Gene/allele  Value  Conventional  
babA2 P  48  
N  79  
cagA P  84  
N 43  
vacAs1 P  91  
N 36  
vacAs2 P  36  
N 91  
vacAm1 P  87  
N 40  
vacAm2 P  36  
N 91  
N: negative value; n.s.: not signiﬁcant; P: positive value; 2: chi-squar
We obtained false negative values when the results were compared byHighlighted in black: the highest percentages of each gene or
allele.
ene  was  present  in  patients  with  gastric  ulcer  and  mild
astritis,  but  the  Fisher’s  exact  test  did  not  support  a
igniﬁcant  association  between  clinical  outcome  and  the
enes  studied  (Table  5).  The  babA2 gene  was  detected  in
8  clinical  isolates  and  it  was  distributed  mainly  in  triple-
ositive  strains  (n  = 29).  The  babA2 gene  was  also  detected
n  the  ‘‘non-typeable’’  strains  mentioned  above  as  follows:
abA2+,  cagA+, vacAs1+ (n  =  8),  babA2+, cagA-,  vacAs2/m2+
n  =  4).  Each  patient  was  infected  with  only  one  type  of  strain
type  I,  II,  III  or  with  the  ‘‘non-typeable’’  strain)  (Table  6).
he  cagE  gene  was  ampliﬁed  by  PCR.  Ampliﬁcation  of  the
agE  gene  has  been  used  for  evaluating  the  presence  or
bsence  of  cag-PAI  since  the  absence  of  the  cagA  gene  in
.  pylori  strains  does  not  mean  that  the  cag-PAI is  com-
letely  absent.  The  cagE  gene  was  detected  in  all  type  II
trains  from  patients  with  ulcer  disease  (100%),  thus  the  cagE
ene  can  be  a useful  and  better  marker  than  the  cagA  gene
or  detecting  the  presence  of  the  whole  cag-PAI  pathogeni-
ity  island.
tional  and  multiplex  PCR.
Multiplex  2 p
15  82.323  1.16x1019
112
87  0.32845  0.56657
40
91  0  n.s
36
36  0  n.s
91
87  0  n.s
40
36  0  n.s
91
e statistic.
 conventional PCR.
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Table  5  Association  between  gene  virulence  and  clinical  outcome.
Gene
%
AG
n  =  1/18
DU
n  =  1/18
GU
n  =  2/18
NG
n  =  9/18
MG
n  =  5/18
Total  number
vacAm1 1  (100)* 1  (100)* 1  (50)* 5  (55.5)* 4(80)* 12
vacAm2 0  (0)* 0  (0)* 1  (50)* 3  (33.3)* 1(20)* 5
vacAs1 1  (100)* 1  (100)* 1  (50)* 6  (66.6)* 4(80)* 13
vacAs2 0  (0)* 0  (0)* 1  (50)* 3  (33.3)* 1(20)* 5
cagA 1  (100)* 1  (100)* 0  (0)* 6  (66.6)* 4(80)* 12
babA2 0  (0)* 0  (0)* 2  (100)* 3  (33.3)* 3(60)* 8
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aAG: acute gastritis; DU: duodenal ulcer; GU: gastric ulcer; MG: m
* p ≥ 0.05 Fisher’s exact test.
iscussion
here  are  many  advantages  for  employing  a  multiplex  PCR.
ne  example  is  when  working  with  fastidious  microorgan-
sms  or  nosocomial  ones,  since  this  methodology  increases
he  efﬁciency  of  detection  and  lowers  the  cost  of  the  assays.
CR  multiplex  can  be  useful  for  genotyping  clinical  isolates
btained  from  biopsies  or  cultures  and  accurately  diag-
osing  the  presence  of  an  infection  due  to  H.  pylori, but
lso  for  differentiating  species  of  Helicobacter  other  than
.  pylori.28-29 In  our  study,  the  sensitivity  and  speciﬁcity
f  multiplex  PCR  were  excellent  for  all  the  genes.  Multi-
lex  PCR  can  be  used  as  a  discriminatory  test  to  distinguish
ype  I  strains,  which  are  more  virulent  and  associated  with
evere  clinical  outcomes.  Some  authors  have  stated  that
here  can  be  a  relationship  between  strain  genotype  and
linical  outcome,  enabling  the  prediction  of  the  latter.30
ther  authors  have  reported  that  triple-positive  strains
babA2+,  cagA+,  vacAs1m1+)  were  associated  with  duodenal
lcer  and  adenocarcinoma.14 In  adult  populations,  triple-
ositive  strains  are  linked  to  severe  diseases.  However,  we
id  not  ﬁnd  any  relationship  between  strain  genotype  and
linical  outcome  in  the  pediatric  population  studied.  Accord-
ng  to  our  results,  type  II  clinical  isolates  were  more  related
o  non-atrophic  gastritis.
The  clinical  isolates  were  classiﬁed  as  type  I (n  =  51),
ype  II  (n  =  28),  and  triple-positive  (n  =  29).  We  used  the
ot  blot  assay  to  detect  the  cagA  gene  in  the  B119  strain
n  =  7)  because  it  was  not  possible  to  detect  the  gene  by
onventional  PCR  or  multiplex  PCR.  Therefore,  the  number
f  triple-positive  strains  (n  =  36)  increased.  Nineteen  clinical
solates  could  not  be  genotyped  using  the  conventional  clas-
iﬁcation  (type  I,  II,  or  triple-positive),  so  we  called  them
c
d
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Table  6  Classiﬁcation  of  the  H.  pylori  strain  genotypes.
Classiﬁcation  Genotype  Total  s
n  =  127
I  babA2-,  cagA+,  vacAs1m1+ 51  (40
II babA2-,  cagA-,  vacAs2m2+ 28  (22
III babA2+,  cagA+,  vacAs1m1+ 29  (22
1 babA2+,  cagA+,  vacAs1+ 8  (6.2
2 babA2+,  cagA−,  vacAs2m2+ 4  (3.1
3 babA2 +  ,  cagA-,vacAs1m1+ 7  (5.5
AG: acute gastritis; CO: clinical outcome; DU: duodenal ulcer; GU: gasstritis; NG: nodular gastritis.
‘non-typeable’’  strains:  babA2+, cagA+, vacAs1+ (n  =  4)  and
abA2+, cagA−, vacAs2m2+ (n  =  8).
The  variability  of  the  vacA  gene  has  been  previously
ssociated  with  geographic  regions  that  include  Colom-
ia,  the  southeast  region  of  Brazil,  the  United  States,  as
ell  as  in  other  Western  populations,  and  strains  with
 vacAs1m1 genotype  were  considered  higher  cytotoxin
roducers,  mainly  associated  with  symptomatic  children,
atients  with  PUD,  and  patients  with  functional  dyspepsia.
owever,  in  China,  Japan,  and  South  Korea,  this  genotype  is
ot  as  predominant  and  there  is  no  relationship.31 In  the
resent  study,  the  m1 allelic  form  of  the  vacA  gene  was
resent  in  all  the  clinical  isolates  and  in  patients  with  PUD
68.5%).  Patients  infected  with  strains  having  the  s1 (71.63%)
llelic  form,  as  well  as  strains  containing  the  vacAs2m2 and
acAs1m1 genotypes,  were  correlated  with  acute  gastritis,
ild  gastritis,  nodular  gastritis,  and  duodenal  ulcer.  How-
ver,  no  conclusive  relationship  between  strain  genotype
nd  clinical  outcome  was  found.  In  our  study,  the  cagA+
trains  (66.14%)  were  isolated  from  patients  with  gastritis
nd  peptic  ulcer  disease.
We  detected  type  II  strains  (n  =  28)  isolated  from  patients
ith  nodular  and  mild  gastritis.  The  ampliﬁcation  of  the  cagE
ene  was  done  to  verify  the  presence  of  cag-PAI,  since  this
ene  is  present  in  all  type  II  strains.  Given  that  the  absence
f  cagA  does  not  necessarily  mean  the  lack,  interruption,
r  partial  loss  of  the  cag-PAI, we  ampliﬁed  the  cagE  gene,
sing  it  as  an  optional  marker  to  verify  the  lack  of  cag-PAI
nd  ﬁnally  to  correlate  the  type  II  strains,  cagE+,  and  severe
linical  outcomes.  In  our  population,  the  babA  gene  was
etected  at  a  low  percentage  (37.79%).  Contrastingly,  other
outh  American  studies  have  reported  a  frequency  ranging
rom  46%  to  82.3%.31 In  our  study,  the  babA  gene  was  found
trains
 (%)
CO  Number  of  patients
.15)  AG,NG,DU,  MG  6
.04)  NG,MG  4
.83)  NG,MG  5
9)  NG  1
4)  GU  1
1)  GU  1
tric ulcer; MG: mild gastritis; NG: nodular gastritis.
obac
R
o
j
p
F
F
(
C
T
A
T
S
o
f
R
1
1Frequency  of  virulence  genes  in  mixed  infections  with  Helic
mainly  in  patients  with  gastritis  (n  =  6)  and  PUD  (n  =  2),  as
has  been  reported  in  others  countries.32-33
Type  I strains  (n  =  51)  were  isolated  from  patients  with
gastritis  (n  =  5)  and  duodenal  ulcer  disease  (n  =  1).  Our
results  are  similar  to  those  reported  in  a  western  popula-
tion,  in  which  the  prevalence  of  this  genotype  was  60-90%.
However,  the  sample  size  must  be  increased  to  establish  a
relationship  between  strain  genotype  and  clinical  outcome.
The  triple-positive  strains  (cagA,  vacAs1m1, babA2)  were
isolated  from  patients  with  gastritis  (n  =  5),  but  we  could  not
establish  a  relationship  between  genotype  and  clinical  out-
come.  Nevertheless,  in  several  studies  in  Colombia,  it  was
possible  to  correlate  peptic  ulcer  disease  and  gastric  carci-
noma  with  these  genotypes.14,31 In  western  countries,  these
types  of  strains  are  a  risk  factor,  but  no  relationship  with
severe  clinical  outcomes  has  been  found  in  Japanese  popu-
lations.  In  the  present  study,  all  the  clinical  isolates  were
analyzed  by  RAPD-PCR,  and  in  the  same  patient  we  observed
some  clinical  isolates  with  different  ﬁngerprinting  patterns,
indicating  that  the  patient  presented  with  a  mixed  infec-
tion  (2  strains  with  genetic  differences  derived  from  strain
73).  All  results  from  multiplex  PCR  of  these  different  iso-
lates  from  the  same  patient  had  the  same  genotype  (babA2,
cagA,  vacAs1m1).  Similar  results  were  observed  in  the  39C5,
B119C2,  29C17,  36C10,  and  110M17  clinical  isolates.
Strain  126  and  its  respective  clones  (126C1,  126C2,
126C3,  126C4,  126C6,  126C7,  126C10,  126C16)  were  isolated
from  a  14-year-old  patient  with  gastric  ulcer.  In  this  strain,
the  same  RAPD  ﬁngerprinting  pattern  with  the  same  geno-
type  (babA2+ cagA-,  vacAs2m2+)  was  observed.  Therefore,
the  babA  +  gene  in  these  strains  could  increase  the  risk  for
developing  gastric  ulcer.
In  conclusion,  multiplex  PCR  has  been  used  as  a  rapid
assay  for  detecting  more  than  one  virulence  factor  in  a  sin-
gle  reaction,  and  also  as  a  method  for  diagnosing  diseases,
lowering  the  cost  of  the  test  for  patients,  and  improving
treatment.  Our  study  proposes  the  use  of  multiplex  PCR  as
a  strategy  for  screening  H.  pylori  clinical  isolates  and  clas-
sifying  them  according  to  the  virulence  factors  in  a  quick
and  easy  manner,  to  prevent  the  development  of  severe  dis-
eases  and  to  be  used  as  a  clinical  monitoring  tool  for  patients
that  have  already  been  diagnosed.  The  results  obtained  in
the  present  study  show  a  variety  of  virulence  genotypes  in
Mexico.  The  prevalent  strain  genotype  circulating  in  a  Mex-
ican  population  was  type  I  (babA2-,  cagA+,  vacAs1m1)  and
was  present  in  all  the  clinical  outcomes.  The  cagE  gene
was  a  better  marker  than  cagA  for  detecting  cag-PAI-positive
strains.
Ethical responsibilities
Protection  of  persons  and  animals.  The  authors  declare
that  the  procedures  followed  conformed  to  the  ethical
standards  of  the  responsible  committee  on  human  experi-
mentation  and  were  in  accordance  with  the  World  Medical
Association  and  the  Declaration  of  Helsinki.
Data  conﬁdentiality.  The  authors  declare  that  they  have
followed  the  protocols  of  their  work  center  in  relation  to
the  publication  of  patient  data.
1
1ter  pylori  strains  from  a  Mexican  population  19
ight  to  privacy  and  informed  consent.  The  authors  have
btained  the  informed  consent  of  the  patients  and/or  sub-
ects  referred  to  in  the  article.  This  document  is  in  the
ossession  of  the  corresponding  author.
inancial disclosure
inancial  support  for  this  work  was  received  from  the  SIP-IPN
20130644),  CONACYT,  SNI,  EDI,  and  COFAA  Institutions.
onﬂict of interest
he  authors  declare  that  there  was  no  conﬂict  of  interest.
cknowledgments
he  authors  wish  to  thank  the  Instituto  Mexicano  del  Seguro
ocial  and  Dr.  Consuelo  Ruelas-Vargas  from  the  Department
f  Pediatric  Endoscopies  at  the  Hospital  General  ‘‘La  Raza’’
or  the  help  provided  in  the  collection  of  specimens.
eferences
1. Saribas Z, Demir H, Saltik T, et al. Detection of cagA preva-
lence in clinical isolates of Helicobacter pylori. Mikrobiyol Bul.
2010;44:461--5.
2. Suzuki R, Shiota S, Yamaoka Y. Molecular epidemiology, popula-
tion genetics, and pathogenic role of Helicobacter pylori. Infect
Genet Evol. 2012;12:203--368.
3. Yamaoka Y. Mechanism of disease: Helicobacter pylori virulence
factors. Nat Rev Gastroenterol Hepatol. 2010;7:629--41.
4. Atherton JC. The clinical relevance of strain types of Helicobac-
ter pylori. Gut. 1997;40:701--3.
5. Atherton JC, Cao P, Peek JrR.M., et al. Mosaicism in vacuolating
cytotoxin alleles of Helicobacter pylori. Association of speciﬁc
vacA types with cytotoxin production and peptic ulceration. J
Biol Chem. 1995;270:17771--7.
6. Chung C, Olivares A, Torres E, et al. Diversity of VacA inter-
mediate region among Helicobacter pylori strains from several
regions of the world. J Clin Microbiol. 2010;48:690--6.
7. Higashi H, Tsutsumi R, Fujita A, et al. Biological activity of the
Helicobacter pylori virulence factor cagA is determined by vari-
ation in the tyrosine phosphorylation sites. Proc Natl Acad Sci
U S A. 2002;99:14428--33.
8. Day AS, Jones NL, Lynett J, et al. cagE is a virulence factor asso-
ciated with Helicobacter pylori-induced duodenal ulceration in
Children. J Infect Dis. 2000;181:1370--5.
9. Pelz C, Steininger S, Weiss C, et al. A novel inhibitory domain of
Helicobacter pylori protein CagA reduces CagA effects on host
cell biology. J Biol Chem. 2011;286:8999--9008.
0. Homan M, Sterbenc A, Kocjan B, et al. Prevalence of the Heli-
cobacter pylori babA2 gene and correlation with the degree of
gastritis in infected Slovenian children. Antonie Van Leeuwen-
hoek. 2014;106:637--45.
1. Almeida N, Donato MM, Romäoziiiinho JM, et al. Correlation
of Helicobacter pylori genotypes with gastric histopathology
in the central region of a South-European country. Dig Dis Sci.
2015;60:74--85.
2. Fujimoto S, Ojo OO, Arnqvist A, et al. Helicobacter pylori BabA
expression, gastric mucosal injury, and clinical outcome. Clin
Gastroenterol Hepatol. 2007;5:49--58.
3. Olfat FO, Zheng Q, Oleastro M, et al. Correlation of the Heli-
cobacter pylori adherence factor BabA with duodenal ulcer
21
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
3
3
3
biol. 2003;41:1942--1945.0  
disease in four European countries. FEMS Immunol Med Micro-
biol. 2005;44:151--6.
4. Gerhard M, Lehn N, Neumayer N, et al. Clinical relevance of
the Helicobacter pylori gene for blood-group antigen-binding
adhesion. Proc Natl Acad Sci USA. 1999;96:12778--83.
5. Akopyanz NS, Eaton KA, Berg DE. Adaptive mutation and co-
colonization during Helicobacter pylori infection of gnotobiotic
piglets. Infect Immun. 1995;63:116--21.
6. Patra R, Chattopadhyay S, de R Gosh P. Multiple infection and
microdiversity among Helicobacter pylori isolates in a single
host in India. PLoS One. 2012;7:e43370.
7. Marouni MJ, Sela S. Fate of Streptococcus pyogenes and
epithelial cells following internalization. J Med Microbiol.
2004;53:1--7.
8. Prouzet MV, Abid MH, Lamouliatte H, et al. Pathogen evolution
in vivo: Genome dynamics of two isolates obtained 9 years apart
from duodenal ulcer patient infected with a single Helicobacter
pylori strain. J Clin Microbiol. 2005;43:4237--41.
9. Sampieri CL, Mora M. Gastric cancer research in Mexico: A public
health priority. World J Gastroenterol. 2014;20:4491--502.
0. González VR, Herrera GS, Córdova EMG, et al. Helicobacter
pylori: Detection of iceA1 and iceA2 genes in the same strain
in Mexican isolates. Arc Med Res. 2012;43:339--46.
1. Majalca MC, Rivera CJ, Ochoa PSA, et al. Transporte,
aislamiento, identiﬁcación y conservación de cepas de Heli-
cobacter pylori.  Bioquimia. 2001;25:85-89.
2. Córdova EMG, González VR, Morales MI, et al. Detection of the
glmM gene in Helicobacter pylori isolates with a novel primer
by PCR. J Clin Microbiol. 2011;49:1650--2.
3. Akopyanz N, Bukanov NO, Westblom TU, et al. DNA diversity
among clinical isolates of Helicobacter pylori detected by PCR-
based RAPD ﬁngerprinting. Nucleic Acids Res. 1992;20:5137--42.
3R.  González-Vázquez  et  al.
4. Crisci JV, López AMF. Introducción a la teoría y práctica de la
taxonomía numérica. Washington D.C.: Secretaría General de la
OEA. Programa Regional de desarrollo cientíﬁco y tecnológico;
1983. p. 128.
5. Lynch M, Milligan BG. Analysis of population genetic structure
with RAPD markers. Mol Ecology. 1999;43:91--9.
6. Manly BF. Randomization, bootstrap, and Monte Carlo methods
in biology. 2nd edition. London: Chapman and Hall; 1997.
7. Zar JH. Biostatistical analysis. 5th ed. Upper Saddle River: Pear-
son Prentice-Hall; 2010.
8. Baele M, van de Bulck K, Decostere A, et al. Multiplex PCR assay
for differentiation of Helicobacter felis, H. bizzozeronii, and
H. salomonis. J Clin Microbiol. 2004;42:1115--22.
9. Chattopadhyay S, Patra R, Ramamurthy T. Multiplex PCR
assay for rapid detection and genotyping of Helicobacter
pylori directly from biopsy specimens. J Clin Microbiol.
2014;42:2821--4.
0. Yu J, Leung WK, Go YYM, et al. Relationship between Heli-
cobacter pylori babA2 status with gastric epithelial cell
turnover and premalignant gastric lesions. Gut. 2002;51:
480--4.
1. Goncalves MH, Silva CI, Braga NMB, et al. Helicobacter pylori
virulence genes detected by string PCR in children from an
urban community in northeastern Brazil. J Clin Microbiol.
2013;51:988--9.
2. Wang J, van Door LJ, Robinson PA, et al. Regional variation
among vacA alleles of Helicobacter pylori in China. J Clin Micro-3. Mizushima T, Sugiyama T, Komatsu Y, et al. Clinical relevance of
the babA2 genotype of Helicobacter pylori in Japanese clinical
isolates. J Clin Microbiol. 2001;39:2463--5.
